Layers of transparent and conductive Sn-doped zinc oxide (ZnO) have been prepared using chemical reactive liquid phase (spray) method on glass substrates. X-ray diffraction analysis shows that the obtained layers show preferential grains orientation along the direction (002). Microstructural analysis indicates that the thickness of the deposited films is independent of Sn content, i.e. 408 nm, and that the average grain size increases with increasing Sn content, ranging from 31 nm to 42 nm. The value of the optical gap obtained using UV-visible transmission spectroscopy method increases slightly from 3.1 eV to 3.3 eV. Moreover, transmission curves reveal that the prepared thin films are transparent in the visible domain.
Introduction
Due to the excellent structural and optical properties, zinc oxide (ZnO) thin films have wide applications as solar cells [1] , gas sensors [2] , light emitting diodes (LED's), laser systems [3] and transparent electrodes [4] . Moreover, they can be prepared by different techniques, such as magnetron sputtering [5] , reactive evaporation [6] , chemical vapor deposition (CVD) [7] , pulsed laser deposition (PLD) [8] and spray pyrolysis [9] .
Among these methods, the spray pyrolysis technique has several advantages, such as, simplicity, safety, and low cost of the apparatus and raw materials.
Zinc oxide is a semiconductor with a direct large gap and generally, crystallizes in würtzite structure [10] . However, the size, the orientation of grains and the surface quality depend on the conditions in which the material was prepared and the different treatments which can be made. Indeed, surface states of semiconductor materials generate superficial electronic properties which are often significantly affected by their interactions with foreign elements.
In the present study, we have investigated the effect of a larger Sn doping ratio range (up to 10%) on the structural and optical properties of tin doped zinc oxide thin films deposited by ultrasonic spray. Moreover, ZnO thin films were deposited by ultrasonic spray technique with a non aqueous starting solution [11] .
There have been extensive studies on the crystalline structure, optical transmittance of doped ZnO thin films prepared by spray pyrolysis methods [12] . There are, however, few studies on optical constants, and absorption coefficient of doped ZnO thin films. In this paper, we study the effect of different Sn percentages on the structural and optical properties of ZnO thin films deposited by spray pyrolysis.
Experimental
The films were grown onto glass substrates, using a typical spray pyrolysis system. The starting solution is composed with 0.1 molarity of zinc acetate (Zn (CH3COO) 2 ·2H 2 O) salt diluted in methanol. Sn doping is achieved by adding a small quantity of (SnCl 2 ·2H 2 O) in the solution. The weight of the added doping source is calculated as function of the desired Sn/Zn ratio. The latter was varied in the range of 0% -10%. The prepared solution is then sprayed on the heated glass substrates by ultrasonic nebulizer system (Sonics) which transforms the liquid to a stream formed with uniform and fine droplets of 40 μm average diameter (given by the manufacturer). The temperature of the substrates was 350˚C.
The spray pyrolysis method is one of the most commonly used methods for preparation of transparent and conducting oxides owing to its simplicity, safety, nonvacuum system of deposition and hence inexpensive method. Other advantages of the spray pyrolysis method are that it can be adapted easily for production of largearea films, and to get varying band gap materials during the deposition process.
The crystalline structure was studied by X-ray diffraction measurements using a Brucker D8 Advance diffractometer with Cu Kα radiation (λCu = 0.154056 nm). The diffractometer reflections were taken at room temperature and the value of 2θ were swapped between 20˚ and 70˚. The optical transmission measurements were performed with a (UV-3101 PC-SHIMADZU) UV-Visible spectrophotometer. The thickness of the films was calculated from optical transmission by interference method. Figure 1 shows the spectra of X-ray diffraction for thin films of Sn doped and undoped. The peaks of X-ray diffraction indicate that all obtained films are polycrystalline with hexagonal wurtzite structure and a preferential orientation of c axis perpendicular to the substrate. There was no significant difference for the films undoped and Sn doped. Both kinds of spectra represent the dominant peak (002) which is located 2θ = 34.09˚ and 34.55˚, respectively. Authors attribute this shift to the substitution of zinc and tin in the hexagonal structure. This result is in good agreement with literature data [13] [14] [15] . Another major orientation present is (100) and (101) are also seen in Figure 1 .
Results and Discussion

Structural Properties
It is also evident in Figure 1 that the preferential (002) peak intensity increases with increasing Sn dopant concentration. This indicates an improvement in films crys- tallinity with Sn film doping. However, for concentrations above 8% the films crystallinity is degraded [16] with Sn doping and the preferential orientation are changed from (002) to (101) and (100) [17, 18] . This discrepancy may be due to the difference in the surface reactions.
The grain size of crystallites was calculated using a well-known Scherrer's formula [19] :
where D is the grain size of crystallite, λ (=1.54059 Å) the wavelength of X-rays used, β the broadening of diffraction line measured at half its maximum intensity in radians and θ is the angle of diffraction. The values of grain size are found to be 31 nm to 41.37 nm for Sn doped ZnO and 29 nm for ZnO non doped thin films. Figure 2 shows the variation of the grain size calculated from the X-ray diffraction patterns as mentioned in experimental section. The grain size of the films increases with different introduced percentages of the Sn.
Optical Properties
The optical properties of thin films of ZnO undoped and doped Sn was determined from the transmission measurement in the range of 300 -800 nm. Figure 3 shows the optical transmission of the doped films deposited onto the glass substrates. The transmission of the films changes with the Sn percentage doping. The properties of the films vary with the percentage of the doping element and this causes light loss on the films. Thus, the changes in the transmission take place. The fundamental absorption edge of the films corresponds to electron transitions from valence band to conduction band and this edge can be used to calculate the optical band gap of the films. The transmission decreases slightly when the percentage of Sn increases. All films show a high transmission in the UV-Vis and with a sharp absorption edge at 380 nm. The absorption coefficient α of ZnO films was determined from transmittance measurements. The films absorption coefficient was calculated using the following expression:
where T is the normalized transmittance and d is the film thickness. These absorption coefficient values were used to determine optical energy gap. The energy gap (Eg) was estimated by assuming a direct transition between valence and conduction bands from the expression:
where A is a constant, hv is the photon energy and Eg is the optical band. Figure 4 shows plots of (αhv) 2 versus (hv). The optical band gap of the films was calculated from these plots. The Optical energy gap was derived assuming a direct transition between the edges of the valence band and the conduction band. The plot of (αhν) 2 versus (hν) gives by extrapolation of the linear region of the resulting curve the optical band gap value.
The calculated optical gap of samples increases with increasing the percentage of Sn from 3.256 eV for undoped ZnO films to 3.3 eV for ZnO doped Sn. This shift of absorption of nanocrystalline films of ZnO doped Sn can be explained by the Burstein-Moss effect [20] while assuming the increase in carrier concentration that blocks the lowest states in the conduction band.
The absorption coefficient of films shows a tail for subband gap photon energy; this tail is so-called Urbach tail. The latter, which is closely related to the disorder in the film network, is expressed as [20] :
where α 0 is a constant, E U is the Urbach energy, which characterizes the slope of the exponential edge. The above equation describes the optical transition between occupied state in the valence band tail to unoccupied state of the conduction band edge. Figure 5 shows Urbach plots of the films. The value of E U was obtained from the inverse of the slope of lnα versus (hν). E U values change inversely with optical band gap. Figure 6 shows the variations of the optical gap together with the Urbach tail energy as a function of Sn doping level. It is clear that the optical gap is reduced with Sn doping. This band gap narrowing is due to the increase in the band tail width as shown in Figure 6 . It is worth to bear in mind that the Urbach tail energy is closely related to the disorder in the film network. Since the ion radius of Sn is larger than Zn [20] , the Sn introduction into the films is then followed by the lattice distortion and consequently disorder creation which cause the optical reduction. The same conclusion has been reported by A. Hafdallah et al. [11] in In doped ZnO.
The optical gap increases with the Sn doping concentration up to the percentage of 8%. Above this doping level, the gap value decreases. This shows that the percentage of 8% is the solubility limit of Sn in ZnO. 
Conclusions
ZnO thin films were deposited by ultrasonic spray technique with a non aqueous solution. The effect of Sn concentration on the structural and optical properties of films was investigated. The deposited films of ZnO undoped and doped Sn showed that the films have polycrystalline structure witch preserve their (002) preferential orientation. The grain sizes increased depending on the increasing Sn concentration. The optical transmission increases and becomes important for  > 380 nm, which proves that the ZnO thin films Sn doped have an excellent transparency in the visible game while the optical gap is reduced with increasing in Sn/Zn doping ratio. This is linked to the dis r with incorporation Sn in the film. The optical gap of ZnO films increases with the percentage of Sn doping. When the limit of 8% doping is reached, the gap is reduced.
